T HIS paper concerns the effects of inequalities in the transverse inertias and stiffnesses of the flexible joint of a dual-spin spacecraft on its stability and nutation frequency.
Case I: Inequality in stationary stiffness. In this case, the stiffness inequality in the joint is associated with the platform. The equations of motion are linear gyroscopic equations with periodic coefficients contributed by the inequality in the transverse inertias of the rotor. For a dual-spin spacecraft with symmetric rotor and unsymmetric platform and stiffness, the equations of motion paper the mode shapes are obtained for an unsymmetric platform with inequality factor, a p , of 0.2, and symmetric stiffness. Both platform and rotor have elliptical motion. In rotating coordinates, fixed with the rotor, the rotor motion, \J/ X and \f/ y , has two frequency terms. For a symmetric platform the motion will be circular and in rotating coordinates the rotor will have only one frequency term. The motion is found to be stable for all parameters considered. Figure 3 shows the unstable region for an unsymmetric rotor with symmetric stiffness. , In the paper, similar unstable regions are obtained for a symmetric rotor with unsymmetric stiffness. From this unstable region, it can be seen that with increasing spin rate the motion is initially stable. It becomes unstable for a certain spin rate and then becomes stable again. It should be noted that for the INTELSAT IV operating spin rate (0.833 Hz) and a rotor transverse inertia inequality factor of 0.0035, the spacecraft is well within the stable region.
In summary, the nutation frequency of a dual-spin spacecraft predicted by a rigid body analysis is slightly higher than the actual nutation frequency calculated by including the flexibility of the joint in the analysis. The flexibility of the joint contributes rotational structural frequencies and unstable regions which are not predicted by the rigid body analysis.
